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 Material and Experimental Procedure 
 
 
 
 
Once the samples were submitted to different heat treatments and prepared by metallographic techniques, they were studied by optical microscopy and SEM. It was also determined their X-ray diffraction  
patterns and mechanical characteristics. For this purpose, the INTA facilities were used. In addition, the dilatometric tests were performed with CENIM-CSIC equipment. 
Abstract 
This material X38CrMoV5-1 is an alloyed steel used for hot working, with good toughness and high resistance to thermal shock. The presence of Cr, Mo and V gives this steel a high resistance to wear, 
keeping its hardness properties at high temperature. Cr and Mo delay softening annealing and inhibit the grain growth. The great resistance to high temperatures of this type of steels is related with an easy 
martensitic transformation. This transformation happens even at low cooling speeds. The properties of these types of martensitic steels result as a consequence of their complex microstructure that is obtained 
by an extremely controlled thermal treatment. Dilatometric testing was performed on continuous cooling from austenization temperature (1050ºC). This testing shows the high hardenability of this type of steels. 
ATD studies have been done to complement the dilatometric testing. After the previous results, it has been considered that the optimal treatment to get tough and tenacious structure, consists in submitting 
material to an annealing processing at 780ºC/1hour, followed by a quenching treatment at 1020ºC/1hour and finally cooling in oil with a double tempering at 580ºC/2 hours. This treatment provides the best 
properties that guarantee service with safety parts. 
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Introduction 
Martensitic steels with 5% Cr are mainly developed for use in applications that require resistance in formation and propagation of cracks or thermal fatigue. In both cases, the tenacity is very important. 
The properties of this martensitic steels are the result of its complex microstructure obtained by a very controlled thermal treatment composed by a process of annealing, quenching and tempering. Depending 
on the final application, the parameters of thermal treatment shall be adjusted to obtain an appropriate strength and tenacity. To reach this compromise is required to control the microstructure at different 
scales: nanometric precipitation, grain size, distribution of primary carbides and morphology of needles of martensite [2, 4]. To modify the mechanical properties, the concentration of alloy elements directly 
involved in the precipitation of secondary carbides, can be changed  [1, 3, 4 y 5]. 
In this case this alloy was used for the manufacture of a piece of braking safety witch required that the material had a high resistance and tenacity. Simulation tests of real operation were carried out for the 
verification of the suitability. It was noticed that some of the pieces broke at a much lower of the required stress. A complete study of both type of pieces with failure and without, was carried out to determine 
the cause of this different behaviour. The most important difference among them was the microstructure, and for that reason the thermal treatment was necessary to be optimized. The pieces were obtained by 
micro fusion, annealed at 1000 ºC / 1 h, cooling in furnace, quenched at  1020 ºC /1 h, cooling in oil and tempered at 500ºC / 2 h. 
Conclusions  
•  The studied pieces showed different mechanical behaviour when they were exposed to a simulation test of real operation.  
•  The microstructure was the main difference that was found. In the piece that presented incorrect behaviour was observed not only the presence of tempered martensite but also      
    Widmanstätten ferrite.  
•  The pieces were submitted to different thermal treatments and various mechanical tests. It was then concluded that the optimal thermal treatment to reach a piece with high strength and   
    toughness consisted in submitting the material to a process of annealing at 780 ºC/ 1 hour, quenching at 1020 ºC/ 1 hour cooling in oil  and a double tempering at 580 ºC/ 2 hours. This  
    treatment results in a martensitic microstructure free of Widmanstätten ferrite with a hardness between 48 - 51 HRC, getting more tenacious components.  
 
 
 
 
Dendritic microstructure in 
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 HARDNESS: 48-51 HRC  
DILATOMETRIC TEST 
Steel 
(%Weight) 
C Si Mn P S Cr Ni Mo V Al Nb O N 
0.35 1.07 0.43 <0.01 0.010 5.2 0.05 1.2 0.35 0.10 0.02 0.0040 0.0308 
HIGH HARDENABILITY 
INCORRECT BEHAVIOUR IN 
SIMULATION TEST 
 
HARDNESS: 52-53 HRC 
Piece after simulation test. Failure surface of brittle 
character showing porosity and dendritic arms 
Dendritic structure with martensitic matrix and Widmanstätten ferrite. 
Interdendritic carbides 
CORRECT BEHAVIOUR IN 
SIMULATION TEST 
 
 
HARDNESS: 50-51 HRC 
AFTER ANNEALING 
AFTER QUENCHING + DOUBLE TEMPERING 
AFTER QUENCHING + TEMPERING 
      INITIAL PROBLEM 
X Ray Difractogram 
X Ray Difractogram 
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FINAL RESULTS 
Piece after simulation test. Failure surface of brittle 
character showing porosity and dendritic arms 
Less character dendritic in structure. Martensitic matrix, interdendritic carbides 
THERMAL TREATMENT 
 
ANNEALING:  
1000ºC/1 HOUR 
QUENCHING: 
1020ºC/1HOUR/OIL 
 
TEMPERING:  
500ºC/2 HOURS 
OPTIMIZED THERMAL 
TREATMENT 
 
ANNEALING::  
780ºC/1 HOUR 
QUENCHING: 
1020ºC/1HOUR/OIL 
 
DOUBLE TEMPERING: 
580ºC/2 HOURS 
